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[57] ABSTRACT 

A method of forming a ?at ?eld region in a semiconduc 
tor substrate, which comprises forming a recess in the 
substrate, forming a covering on the whole surface of 
the substrate with a ?rst insulating ?lm such as plasma 
CVD SiOz ?lm which gives a layer at the side portion 
of the recess more rapidly etchable as compared with 
other portions, selectively removing the layer at the 
side portion to thereby form a V-shaped groove be 
tween the side of the recess and the ?rst insulating ?lm, 
and ?lling the V-shaped groove with a second insulat 
ing material so as to obtain a flat ?eld region which is 
flush with the surface of an element-forming region. 

6 Claims, 3 Drawing Figures 
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METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 
The present invention relates to a method for manu 

facturing a semiconductor device wherein an insulating 
?lm is formed in a ?eld region for element isolation. 

In a semiconductor device using silicon for semicon 
ductors, especially in a MOS semiconductor integrated 
circuit, a thick insulating ?lm is formed in the ?eld 
region between the elements in order to prevent unsatis 
factory isolation due to parasitic channels and to reduce 
the parasitic capacitance to the minimum. Selective 
oxidation is well known as a method for element isola 
tion. According to this selective oxidation method, the 
element forming region is covered with an antioxidant 
mask, typically, a silicon nitride ?lm. Then, oxidation is 
performed at a high temperature to selectively form- a 
thick oxide ?lm on the ?eld region. However, with this 
selective oxidation method, during the oxidation at high 
temperature, the ?eld oxide ?lm undercuts the edge of 
the silicon nitride ?lm in the form of a bird’s beak. This 
causes a size error in the element forming region and 
interferes with high integration of integrated circuits. 
Furthermore, in the conventional selective oxidation 
method, a step of about half the thickness (about 0.7 to 
1.0a) of the ?eld oxide ?lm is formed in the ?eld region 
and the element forming region after the formation of 
the ?eld oxide ?lm. This step remains in the following 
process and results in the degradation in the precision of 
lithography and the reliability of the metal wiring. The 
conventional selective oxidation method further in 
volves a long ?eld oxidation time. This results in vari 
ous problems such as undesirable diffusion of impurities 
from the channel stopper, or formation of defective 
crystals such as dislocation in the silicon substrate 
which is caused by the stresses due to the growth of the 
oxide ?lm, as well as due to a difference in thermal 
expansion coef?cient between the silicon nitride ?lm 
and the silicon substrate. 

In order to avoid the defects as described above in 
volved in the element isolation method by the selective 
oxidation, a method is disclosed in Japanese Patent 
Publication (KOKAI) No. 11,792/ 75, wherein a mask is 
formed on a semiconductor substrate, a groove of pre 
determined depth is formed in the substrate by etching, 
an insulating ?lm is formed on the entire surface of the 
structure by the CVD process to a thickness suf?cient 
to ?ll the groove, and the mask is then removed by 
etching to simultaneously remove the insulating ?lm on 
the mask while leaving the insulating ?lm in the groove 
only to provide it as an element isolation layer. Accord 
ing to this method, the process may be performed at a 
relatively low temperature, the adverse effects such as 
thermal distortion of the substrate may be reduced to 
the minimum, the formation of the bird’s beaks is re 
stricted, and the lateral diffusion of the impurity layer of 
the channel stopper may be prevented. However, a 
recess may be formed between the side walls of the 
groove and the side surfaces of the remaining insulating 
?lm. A void may be formed within the remaining insu 
lating ?lm. The formation of such a void become more 
prominent when the depth of the groove is relatively 
large in comparison with the width of the groove, for 
example, when the depth of the groove is more than 
twice the width. ‘ 
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SUMMARY OF THE INVENTION 

The present invention has been made to eliminate the 
drawbacks of the element isolation method as described 
above and has for its object to provide a method for 
manufacturing a semiconductor device wherein the 
element isolation may be accomplished by one litho 
graphic step, the thermal oxidation step at high temper 
ature for a long period of time is not required, the 
groove for a ?eld region may be completely ?lled with 
an insulating ?lm, the surface of the substrate may be 
made even, the element characteristics may not be de 
graded, and small elements may be highly integrated. 

In order to achieve this object, there is provided 
according to an aspect of the present invention a 
method for manufacturing a semiconductor device 
comprising the steps of: 

(a) forming a masking material at a predetermined 
part of a surface of a semiconductor substrate, and etch 
ing said semiconductor substrate using said masking 
material as a mask to form a recess; 

(b) covering by a ?rst insulating ?lm the surface of 
said semiconductor substrate under such conditions that 
said masking material is still disposed, said ?rst insulat 
ing ?lm comprising an insulating ?lm in which an etch 
ing rate at a side surface at a step may be greater than an 
etching rate at other parts, such as a plasma CVD SiOz 
?lm, a plasma CVD Si3N4 ?lm, a sputtered SiOz ?lm or 
a low-pressure CVD phosphosilicate glass ?lm; 

(c) etching said ?rst insulating ?lm to selectively 
remove said ?rst insulating ?lm covering the side sur 
face of said recess to thereby form a V-shaped groove 
between the side surface of said recess and said ?rst 
insulating ?lm remaining in said recess; 

((1) simultaneously removing said masking material 
and said ?rst insulating ?lm formed thereover; 

(e) forming a second insulating ?lm on an upper sur 
face of said semiconductor substrate including said V 
shaped groove formed in said step (c) in such a way that 
an upper surface thereof may become even; and 

(f) etching the upper surface of said second insulating 
?lm to leave said ?rst and second insulating ?lms in said 
recess. 

According to another aspect of the present invention 
is provided a method for manufacturing a semiconduc 
tor device comprising the steps of: 

(a) forming a masking material at a predetermined 
part of a surface of a semiconductor substrate, and etch 
ing said semiconductor substrate using said masking 
material as a mask to form a recess; 

(b) covering by a ?rst insulating ?lm the surface of 
said semiconductor substrate under such conditions that 
said masking material is still disposed, said ?rst insulat 
ing ?lm comprising an insulating ?lm in which an etch 
ing rate at a side surface at a step may be greater than an 
etching rate at other parts, such as a plasma CVD SiOg 
?lm, a plasma CVD Si3N4 ?lm, a sputtered SiOz ?lm or 
a low-pressure CVD phosphosilicate glass ?lm; 

(c) etching said ?rst insulating ?lm to selectively 
remove said ?rst insulating ?lm covering the side sur 
face of said recess to thereby form a V-shaped groove 
between the side surface of said recess and said ?rst 
insulating ?lm remaining in said recess; 

((1) simultaneously removing said masking material 
and said ?rst insulating ?lm formed thereover; 

(d’) thermally oxidizing an exposed part of the surface 
of said semiconductor substrate at least on an inner 



4,407,851 
3 

surface of said V-shaped groove to form a thermal oxide 
?lm thereon; 

(e) forming a second insulating ?lm on an upper sur 
face of said semiconductor substrate including said V 
shaped groove formed in said step (c) in such a way that 
an upper surface thereof may become even; and 

(f) etching the upper surface of said second insulating 
?lm to leave said ?rst and second insulating ?lms in said 
recess. 

In step (a) described above, the masking material may 
include known resist materials, such as aluminum, sili 
con nitride, a bilayered structure of SiO; and polycrys 
talline silicon, a bilayered structure of Al and SiO;, or a 
multi-layered structure of Al-silicon nitride-SiOZ. The 
recess may be formed by reactive ion etching, conven 
tional taper etching or the like. 

After step (a) described above, an impurity for pre 
venting ?eld inversion may be implanted in the region 
below the recess using the masking material as a mask. 
This implantation of the impurity may be performed 
after the step for forming the insulating ?lms. 
By the V-shaped groove formed in step (c) or re 

ferred in this speci?cation, it should be understood to 
include any grooves having at least one tapered side 
surface opening upward. The shape of the bottom of the 
groove is not particularly limited and may be pointed or 
?at. 
The second insulating ?lm formed in step (e) may be 

a CVD SiOg ?lm, a spin coat SiOz ?lm, a resist material 
?lm, a low-melting point insulating substance (e.g., 
boron phosphosilicate glass; BPSG). In the case of a 
p-channel MOS, the second insulating ?lm may be a 
phoshosilicate glass (PSG) ?lm, an arsenic silicate glass 
(AsSG) or the like. Alternatively, the second insulating 
?lm may be made of the same material as that of the ?rst 
insulating ?lm. Furthermore, the second insulating ?lm 
may comprise a single layer or a multilayer. 
According to the method of the present invention, an 

inversion preventive layer and a thick ?eld insulating 
?lm may be formed in the ?eld region by one litho 
graphic process as in the case of the conventional selec 
tive oxidation method. Furthermore, the undercutting 
(formation of a bird’s beak) of the ?eld oxide ?lm or size 
error of the element forming region that are caused in 
the conventional selective oxidation method may be 
prevented. The size error of the element forming region 
may be suppressed to below 0.1 pm, and high integra 
tion may be achieved. 

In addition to this, the annealing step at high tempera 
ture for a long time is not necessary to form the ?eld 
insulating ?lm. For this reason, the seepage of the impu 
rity outside the ?eld region due to redistribution of the 
impurity is prevented, so that degradation in the ele 
ment characteristics is prevented and higher integration 
may be achieved. Since the dose of the impurity im 
planted at the side surface of the recess of the ?eld 
region during the ?eld ion-implantation is smaller than 
the dose of the impurity which is implanted at the bot 
tom surface of the recess, diffusion of the impurity into 
the semiconductor substrate below the element forming 
region may be signi?cantly reduced, and thus, the deg 
radation of the element characteristics as well. 
The method of the present invention utilizes a pecu 

liar etching rate at the side surface of a step portion of 
the ?rst insulating ?lm at the recess which is faster than 
the etching rate at the other parts, due to a relatively 
fragile deposition of the ?rst insulating ?lm at the side 
surface of the step portion. Therefore, when etching is 
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4 
performed, the side surface of the ?rst insulating ?lm 
remaining in the recess is formed into a tapered surface 
of suitable inclination (e.g., less than 80° with respect to 
the bottom surface of the recess). When the second 
insulating ?lm is to be formed in a V-shaped groove 
de?ned between the side surface of the recess and the 
?rst insulating ?lm, the V-shaped groove may be easily 
and properly ?lled with the second insulating ?lm. 

In this manner, according to the present invention, 
the insulating ?lm completely ?lls the ?eld region, so 
that the step around the ?eld region may be suppressed 
to be less than 0.1 pm in thickness. For this reason, 
formation of too thin metal wiring or disconnection at 
the step may be prevented, so that reliability of the 
wiring is signi?cantly improved and the yield of the 
semiconductor devices is improved. 
When thermal oxidation is performed as in step (d'), 

the elements are indirectly contacted with the ?rst insu 
lating ?lm such as the CVD SiOz ?lm of the ?eld region 
through the thermal oxide ?lm at the part surrounding 
the element forming region. Therefore, the characteris 
tics of the elements on the element forming region are 
not subjected to be in?uenced by the relatively unstable 
electric characteristics of the CVD Si02 ?lm or the like. 
Moreover, the leakage current in the diffusion layer in 
the reverse direction may be prevented. Furthermore, 
in the thermal oxidation step, the plasma CVD SiOg ?lm 
in the recess is annealed, and the property of the ?lm is 
improved, and the interface between the plasma CVD 
SiOZ ?lm and the silicon substrate is partially thermally 
oxidized, so that the interface characteristics are im 
proved. 

In the etching step for forming the recess in the semi 
conductor substrate, the silicon substrate around the 
element forming region becomes pointed to have a 
cross section involving corners of about 90°. However, 
these corners can be rounded by oxidation in step (d’). 
Therefore, the concentration of the electric ?eld at this 
corner is prevented, and the dielectric strength of an 
oxide ?lm to be formed in a subsequent step could be 
improved. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 10 and 11' are sectional views showing an em 
bodiment of the present invention in sequential order; 
FIGS. 2a to 2h are sectional views showing another 

embodiment of the present invention in sequential or 
der; and 
FIGS. 3a to 3d are sectional views showing still an 

other embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The method of the present invention as applied to the 
manufacture of a MOS semiconductor device will be 
described by way of examples with reference to the 
accompanying drawings. 

EXAMPLE 1 

As shown in FIG. 1a, a p-type silicon substrate 1 is 
prepared which has an index of a plane of (100) and a 
speci?c resistivity of 5 to 5,0 Sl-cm. On the surface of the 
silicon substrate 1 are se uentially formed a thermal 
oxide ?lm 2 of about 300 thickness and an aluminum 
?lm 3 of about 0.5 pm thickness. Next as shown in FIG. 
1b, the element forming region is covered by a resist 
?lm 4 by the conventional lithographic process. As 
shown in FIG. 10, the aluminum ?lm 3 and the thermal 



4,407,851 
5 

oxide ?lm 2 on the ?eld region are etched by, for exam 
ple, reactive ion etching using the resist ?lm 4 as a mask. 
The ?eld region is further etched by about 08 um by 
reactive ion etching using an inert gas such as CF4 gas 
and using resist ?lm 4 and the aluminum ?lm 3 as a mask 
to form a recess 10. Then, as shown in FIG. 1d, ?eld 
ion-implantation is performed in the ?eld region of the 
silicon substrate using the resist ?lm 4 and the aluminum 
?lm 3 as a mask to form an inversion preventive layer 5. 
The resist ?lm 4 may be removed prior to the step of 
ion-implantation. In the next step, as shown in FIG. 1e, 
a silicon oxide ?lm (SiO;) 6 is formed by the CVD 
process to a thickness of about 1.2 pm as a ?rst insulat 
ing ?lm on the entire surface of the structure. The pres 
ence of the resist ?lm 4 is’not necessarily required in this 
step. Thereafter, the entire surface of the silicon oxide 
?lm 6 is etched by ammonium ?uoride. During this 
etching, the etching rate of the silicon oxide ?lm at the 
side surface of the step portion is about 20 times that at 
the ?at portion. For this reason, the vertical portion of 
the silicon'oxid'e ?lm 6 is' removed from the recess 10 of 
the ?eld region and the element forming region as 
shown in FIG. l? de?ning a V-shaped groove 7 around 
the recess 10. When the entire structure is subjected to 
treatment with a mixture of sulfuric acid and hydrogen 
peroxide, the aluminum ?lm 3 used as a mask is re 
moved. Simultaneously with this, the silicon oxide ?lm 
6 on these ?lms 3 and 4 is removed, and the silicon oxide 
?lm 6 remains in the recess 10 over substrate 1 as shown 
in FIG. 1g. Next, as shown in FIG. 1h, a CVD silicon 
oxide ?lm 8 is formed to a uniform thickness of 1.0 pm 
as a second‘ insulating ?lm to completely ?ll the V 
shaped groove 7. A resist ?lm 9 is applied thereover as 
a ?uid ?lm to make the surface ?at. The entire surface 
of the structure is then etched by reactive ion etching. 
By suitably selecting the conditions for reactive ion 
etching and the time and temperature for annealing of 
the resist ?lm 9, the etching rates of the resist ?lm 9 and 
the CVD silicon oxide ?lm 8 can be made to be substan 
tially the same. Reactive ion etching is performed under 
selected conditions, and the resist ?lm'9 is completely 
etched off. The CVD silicon oxide ?lm 8 is etched until 
the semiconductor substrate on the element forming 
region is exposed. Then, as show in FIG. 1i, the CVD 
silicon oxide ?lm 8 and the silicon oxide ?lm 6 may be 
?lled in the ?eld region to achieve a ?at structure. The 
remaining steps are performed according to the conven 
tional element forming steps to complete a MOS semi 
conductor device. 

In the example described above, the aluminum ?lm 
and the resist ?lm are used as the etching masks for 
forming the ?eld region. However, by suitably selecting 
the etching method, the resist ?lm may be removed 
after etching the aluminum ?lm before proceeding to 
the process shown in FIG. 1c. Alternatively, the alumi 
num ?lm need not be formed at all, and the resist ?lm 
alone may be used as a mask. 

EXAMPLE 2 

As shown in FIG. 2a, a p-type silicon substrate 11 is 
prepared which has a speci?c resistivity of 5 to 50 
Q-cm. On the surface of the silicon substrate 11 are 
sequentially formed a thermal oxide ?lm 12 of about 300 
A and a phosphosilicate glass (PSG) ?lm 13 of about 0.5 
pm. Then, as shown in FIg. 2b, a resist ?lm 14 is formed 
on the element forming region‘ by the conventional 
lithographic process. Using the resist ?lm 14 as a mask, 
parts of the PSG ?lm 13, the thermal oxide ?lm 12 and 
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6 
the semiconductor substrate 11 are etched, for example, 
by reactive ion etching to form the recess 10 as shown 
in FIg. 2c. Then, as shown in FIG. 2d, an inversion 
preventive layer 15 is formed in the ?eld region by ?eld 
ion-implantation. Thereafter, as shown in FIG. 2e, a 
silicon oxide ?lm 16 is formed as a ?rst insulating ?lm 
on the surface of the semiconductor surface, for exam 
ple, by the CVD process to a thickness greater than that 
of the step portion of the recess 10. The silicon oxide 
?lm is etched by ammonium ?uoride solution. During 
this etching, the etching rate of the silicon oxide ?lm 16 
at the side surface of the step portion is about 20 times 
that at the other portions and is suf?ciently greater than 
that of the PSG ?lm 13. Therefore, the silicon oxide 
?lm 16 on the element forming region is removed faster 
than the silicon oxide ?lm 16 on the ?eld region. When 
the thermal oxide ?lm 12 is further removed, as shown 
in FIG. 2f, a V-shaped groove 17 is formed around the 
element forming region, and the silicon oxide ?lm 16 is 
left only at the ?eld region. Thereafter, in the same 
manner as in Example 1, a CVD silicon oxide ?lm 18 
and a resist ?lm 19 are deposited (FIG. 2g). These ?lms 
18 and 19 are uniformly etched to expose the surface of 
the substrate at the element forming region (FIG. 2h). 
As mentioned above, the resist ?lm 14 may be removed 
before proceeding to the step shown in FIg. 2e. 

In Examples 1 and 2 described above, the recess is 
completely ?lled with a CVD silicon oxide ?lm and a 
resist ?lm is applied to ?aten the surface of the struc 
ture. Thereafter, the second insulating ?lm consisting of 
the CVD silicon oxide ?lm and the resist ?lm is etched 
under the condition that the etching rates of the CVD 
silicon oxide ?lm and the resist ?lm are substantially the 
same. In this manner, the CVD silicon oxide ?lm is left 
only in the V~shaped groove. However, it is also possi 
ble to form as a second insulating ?lm a multilayer of a 
CVD silicon oxide ?lm and a CVD silicon nitride ?lm. 
In this case, the V-shaped groove is ?lled with this 
second insulating ?lm in the manner to be described 
below. First, a CVD silicon oxide ?lm is formed to a 
uniform thickness of about 1.0 pm to ?ll the V-shaped 
groove. Next, by the plasma CVD process or the gen 
eral CVD process, a CVD silicon nitride ?lm of about 
1.0 pm is formed. Thereafter, the silicon nitride ?lm is 
etched by reactive ion etching using a mixture of CF4 
and H2. When the mixing ratio of hydrogen gas is great, 
the etching rate of the silicon nitride ?lm at the flat part 
becomes suf?ciently great in comparison with that at 
the step portion, so that the surface of the silicon nitride 
?lm is ?attened. Thereafter, etching is performed under 
such conditions that the etching rates of the silicon 
nitride ?lm and the silicon oxide ?lm are the same to 
form the silicon oxide ?lm uniformly and evenly on the 
?eld region. 

EXAMPLE 3 

In the same manner as in Example 1, the silicon oxide 
?lm 6 is formed in the recess formed in the p-type sili 
con substrate 1 to obtain a structure as shown in FIG. lg 
(FIG. 3a). The reference numerals indicated in FIG. 3d 
denote the same parts as in FIG. 1g except as otherwise 
indicated. 

Next, the thermal oxide ?lm 2 is removed. Thereaf 
ter, annealing is performed in an oxygen atmosphere at 
l,000° C. to form a thermal oxide ?lm 30 of about 500 A 
on the exposed surface of the substrate (FIG. 3b). Dur 
ing this annealing, the silicon ?lm 6 is also annealed, so 
that the characteristics of the interface between the 
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silicon oxide ?lm 6 and the semiconductor substrate are 
improved as well as the characteristics of the silicon 
oxide ?lm 6 itself. Simultaneously, shoulders 31 of the 
recess 10 around the element forming region are suf? 
ciently rounded, so that the dielectric breakdown at this 
part, of a gate oxide ?lm to be formed later due to con 
centration of the electric ?eld, is reduced. 

In this Example 3, the thermal oxide ?lm 2 is re 
moved before forming the thermal oxide ?lm 30. How 
ever, it is also possible to proceed immediately to a step 
of forming the thermal oxide ?lm 30 without removing 
the thermal oxide ?lm 2, to obtain almost the same 
results as described in Example 3. 
. Next as shown in FIG. 3c, as a second insulation ?lm, 
the CVD silicon oxide ?lm 8 is formed to a uniform 
thickness of 1.0 pm to completely ?ll the V-shaped 

v groove 7. The resist ?lm 9 is formed thereover to ?atten 
the surface of the structure. The entire surface is sub 
jected to etching to expose the surface portion of the 
semiconductor substrate in the element forming region. 
In this step, as shown in FIG. 3d, a ?eld region ?lled 
with the ?lms 8 and 9 in a flat structure may be formed. 
Thereafter, the general element forming steps are per 
formed to complete a MOS semiconductor device. 
The present invention is not limited to the method for 

manufacturing a MOS semiconductor device and may 
be applied to element isolation of a bipolar semiconduc 
tor device or of a complementary MOS semiconductor 
device. When SOS (Silicon-On-Sapphire) in which a 
silicon layer is grown on a saphire substrate is employed 
as a semiconductor substrate, a portion of the silicon 
layer falling in a ?eld region should be completely 
etched off to form a recess,, and then steps of ?lling in 

i the recess of an insulating material can be performed 
according to the present invention. 
What we claim is: 
1. A method for manufacturing a semiconductor de 

vice comprising the steps of: 
(a) forming a masking material at a predetermined 

part of a surface of a semiconductor .substrate, and 
etching said semiconductor substrate using said 
masking material as a mask to form a recess; 

20v 

(b) applyingunder low-pressure conditions a ?rst 
insulating ?lm on: the surface of said semiconductor 
substrate having said , masking material still dis 
posed thereon, said ?rst insulating ?lm being such 
that the side surfaces of step portions of said recess 
are etched at a greater rate. than other surfaces 
thereof; 7 

(c) etching said ?rst insulating ?lm to selectively 
remove said ?rst insulating ?lm covering the side 
surface of ,saidrecess to thereby reproducibly form 
a V-shaped groove between the side surface of said 
recess and said ?rst insulating ?lm remaining in 
said recess; 4 ‘ __ , 1 f , . 

((1) simultaneously removing saidmasking material 
and said ?rst insulating?lrn formed thereover; 

(e) forming a second insulating ?lm on an'upper sur 
face of said semiconductor'subs'trate including. said 
V-shaped groove formed in saidstep,(c) in such a 
way to form a smooth upper surface thereof; and 

(f) etching the upper surfaceof said second insulating 
v ?lm to leave saidy?rst and second insulating ?lms in 
said recess. _ ' z .. _. . V , 

2. The method accordingtoclaim 1, wherein said 
, second insulating ?lm comprises a plurality of insulating 
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I 3. The method according to claim 1, wherein said 
?rst insulating ?lm is made of a member selected‘from 
the group consisting of plasma CVD SiOz. Plasma CYJI) 
Si3N4, sputtered SiOZ, and low-pressure CVD phospho 
silicate glass. 1 _ I ' ‘ . > 

4. The'method according to claimv 1, wherein a ther 
mal oxide ?lm is formed on the surface of said semicon 
ductor substrate before said step (a). 

5. The method according to claim 1, further compris 
ing the step. of implanting an impurityfor formation of 
a channel stopper below: said recess. 

. _6. The method according to any one of claims 1 to 5, 
wherein, after said step (d) and before said step (e), ‘a 
thermal oxide ?lm is'formed on the exposed surface of 
said semiconductor substrate at least in the ‘inner surface 
of said V-shaped groove. ‘ > 

1K * * * * 


